Our study sought to compare the strain types of Clostridium difficile causing initial and recurrent episodes of C. difficile infection (CDI) in adult patients with a first episode of CDI or 1 prior episode of CDI within the previous 90 days. Strains originated from patients who had been entered into two phase 3 randomized clinical trials of fidaxomicin versus vancomycin. Isolates of C. difficile from the initial and recurrent episodes within 28 (±2) days of cure of CDI were compared using restriction endonuclease analysis (REA) typing. Paired isolates were available from 90 of 194 (46%) patients with recurrent CDI. Patients with isolates available were significantly younger (P = .008) and more likely to be from Canadian sites (P = .0001), compared with patients without isolates. In 75 of 90 subjects (83.3%), the identical REA type strain was identified at recurrence and the initial episode (putative relapse). Early recurrences (0-14 days after treatment completion) were relapses in 86.7% and a new strain (reinfection) in 13.3%. Later recurrences (15-31 days after treatment) were relapses in 76.7% and reinfections in 23.3%. Mean time (± standard deviation) to recurrence was 12.2 (±6.4) days for relapses and 14.7 (±6.8) days for reinfections (P = .177). The most common BI/NAP1/027 group and the previous US epidemic REA group J/NAP2/001 had a significantly higher combined rate of recurrence with the same strain (relapse), compared with the other REA groups (39 of 42 [93%] vs 36 of 48 [75%], respectively; P = .023). We found a higher than historic rate of recurrent CDI caused by the same isolate as the original episode, a finding that may be related to the relatively short observation period in this study and the high frequency of isolation of epidemic strains, such as groups BI and J, for which relapse rates may be higher than for other REA groups. Caution in generalizing these observations is required, because the patients studied were younger and more likely to be from Canadian sites than were patients with recurrence who did not provide isolates.
Recurrence of symptoms after effective treatment of Clostridium difficile infection (CDI) is a very common and vexing clinical problem [1] . Historically, recurrent CDI occurs in 20%-25% of patients after the initial episode but may be higher since the appearance of the epidemic strain, BI/NAP1/027 [2] . Relapse with the same strain and reinfection with a new strain have both been documented with recurrent CDI. Infection with a new strain has been reported to occur in 33%-56% of cases, but most of these studies are small or include convenience-based samples [3] [4] [5] [6] [7] . How often relapse and reinfection occur, the timing of the recurrence with relapse or reinfection, the relative frequency of epidemic strains, and the possibility of initial treatment influencing either outcome have not been well studied. Differentiating the nature of recurrence requires that infecting organisms be cultured and typed for both the initial and recurrent episodes of CDI. Therefore, we used data from a large, prospective, randomized, clinical treatment trial of fidaxomicin versus vancomycin, for which culture and typing data for infecting organisms were available, to better understand the epidemiology of CDI recurrences.
METHODS
Isolates for this analysis were obtained from 2 randomized, double-blind clinical trials comparing 10 days of treatment with fidaxomicin (200 mg twice daily) with treatment with vancomycin (125 mg 4 times daily) for CDI [8, 9] . Participants enrolled had diarrhea (≥3 unformed stools in a 24-hour period) and a positive stool toxin test result (C. difficile toxin A or B). Enrolled patients had either no CDI episode or only 1 episode during the previous 3 months. The primary end point was clinical cure at the end of 10 days of treatment. CDI recurrence in the 28 (±2)-day follow-up period after the end of therapy was a secondary end point. Stool specimens at study entry and the time of CDI recurrence were cultured for C. difficile at the RM Alden Research Laboratory (Culver City, California), and typing was performed on the recovered isolates using restriction endonuclease analysis (REA) at the Hines VA Microbiology Research Laboratory (Hines, Illinois). All participants who were evaluable in the clinical trials with CDI recurrence and from whom REA-typed isolates were available at study entry and at recurrence were included in this analysis.
Clostridium difficile isolates from initial and recurrent episodes were typed by REA, as described elsewhere [10] . DNA was isolated from overnight pure culture using the guanidine-EDTA-Sarkosyl method and digested with HindIII restriction enzyme. DNA fragments were separated on a 0.7% agarose gel. The REA system is divided into groups and types: groups have 90% homology in HindIII comparison and are designated by alphabetic letters, and REA types are identical and designated by Arabic numbers following the group letter(s). Images were compared with a library of REA images for C. difficile, which includes at least 110 REA groups that have been identified from a collection of >11 000 C. difficile isolates. More than 600 unique types are recognized in the library. REA is a highly discriminating typing scheme for C. difficile [11] ; however, for this study, only the specific REA groups BI, J, K, G, Y, BK, CF, and DH were initially identified and the others were designated as nonspecific REA groups for the clinical trial. Final REA groups were determined from the nonspecific REA groups for isolate comparisons in this study. For the comparison of initial and recurrence isolates, an exact gel match was required to designate the recurrence isolate as a relapse.
RESULTS
Ninety participants had recurrent CDI and had stool isolates from both initial and recurrent episodes available for typing by REA. In 75 participants (83.3%), the REA type strain identified at recurrence was identical to that identified at the initial episode. Fifteen participants (16.7%) were found to have a strain at recurrence different from the strain at the initial episode (Table 1; Figure 1 ).
In 60 participants (67.7%), the CDI recurrence episode occurred within 14 days after treatment completion (early recurrences), and 30 participants had recurrences 15 to >30 days after treatment (late recurrences). Of early recurrences, 52 of 60 (86.7%) patients experienced recurrence with the same strain, compared with 23 of 30 (76.7%) patients with late recurrences with the same strain (P = .230; Table 1 ).
Mean time (± standard deviation [SD]) to recurrence overall was 12.6 (±6.41) days. Mean time to recurrence for strains that remained the same at recurrence was 12.2 (±6.39) days. For recurrences with different strains, the mean time to recurrence was 14.7 (±6.80) days (P = .177) ( Table 1) .
The epidemic BI group was found to cause initial infection in 34 patients, 31 of whom (91.2%) experienced recurrence with the same strain, whereas 44 of 56 (78.6%) non-BI infections recurred with the same strain (P = .120) ( Table 2 ). The BI group also caused 4 of the 15 (27%) reinfections by new recurrence strains (Table 2 ). In the BI group, REA type BI6/8/ 17 occurred more often than any other type. Twenty-four of 26 patients with initial infection due to BI6/8/17 experienced recurrence with the same strain, and 2 experienced recurrence with a different strain (P = .215, compared with all non-BI6/8/ 17 isolates). In addition to the BI group, commonly isolated strains belonged to the Y, J, and G groups ( Table 2 ). The Y and G groups are well recognized as common background strains from previous studies, and the J group was epidemic in the United States during the 1990s, characterized by clindamycin resistance, and is still commonly seen in North American and European hospitals [12, 13] . Previously unidentified strains (nonspecific: those that have not yet been named or cataloged in the library) were present in the initial infection for 6 patients, recurred with the same strain in 5, and replaced a different strain in 5 cases (Table 2) .
Sixty-two patients with recurrences were treated with vancomycin, and 28 were treated with fidaxomicin. In the vancomycin treatment group, 51 patients (82.3%) experienced recurrence with the same strain and 11 had reinfection with a different strain. In the fidaxomicin group, 24 patients (85.7%) had recurrence with the same strain and 4 had recurrence with a different strain. There were no significant differences in percentage of relapses or reinfections early (days [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] or later (days 15-30) between vancomycin-and fidaxomicintreated patients (Table 3) . Mean times (±SD) to relapse (same strain) were 11.2 (±6.1) days for vancomycin and 14.3 (±6.2) days for fidaxomicin (P = .044). Mean times for reinfection (different strain) were 13.9 (±7.5) days for vancomycin and 16.8 (±4.6) days for fidaxomicin (P = .497).
Sixty-nine patients (76.7%) were treated for their first episode of CDI, whereas 21 (23.3%) were treated for their first CDI recurrence at study entry (Table 4) . Recurrences with the same strain were similar in both groups: 56 of 69 (81.2%) for the first CDI episode and 19 of 21 (90.4%) for the first recurrence of CDI (P = .51). As shown in 
and with first CDI recurrence were not significantly different in the 2 groups. However, the geographic origin of the patient specimens was significantly different, with a disproportionately higher number of patients from Canadian sites who had paired isolates provided (P = .0001) and a significantly lower number of patients from the United States and Europe who provided paired isolates (Table 6) .
Decreased susceptibility of a C. difficile isolate to fidaxomicin that was recovered from 1 patient at the time of recurrence has previously been reported [14] . The baseline, end-of-treatment, and recurrent isolates from this patient, who had been treated with fidaxomicin, were a relatively uncommon REA group, group Z.
DISCUSSION
Our data suggest that there is a trend toward more relapses with the BI group (91.2%) overall, compared with non-BI groups. The BI6/8/17 type caused 26 of the BI group infections, is the most frequent BI type isolated from North American sites in our experience, and constitutes 3 very closely related BI types that cannot be differentiated from each other without side-byside comparison with reference strains on the same gel, which was not performed in this analysis. The epidemic J group commonly found during the 1990s in the United States also demonstrated a high frequency of relapse, with 8 of 8 patients experiencing recurrence with the same strain. BI and J groupinfected patients had relapse rates of 93%, compared with 76% for non-BI and non-J groups (P = .023).
This paired typing analysis of initial and recurrent C. difficile isolates from this large clinical trial of patients with CDI treated with fidaxomicin or vancomycin demonstrated a much higher frequency of isolation of the identical strain during recurrence (83%) than has been reported in prior studies, including one from our own laboratory [3] [4] [5] [6] [7] . Reasons for the difference in our findings are not readily apparent; however, epidemic strains, such as the BI and J groups, may have more recurrences with the same strain (Table 2) , and 42 of the 90 (47%) CDI infections in this analysis were caused by BI or J group strains. This study also followed patients for a relatively short period of only 28 (±2) days after treatment, and it has been shown that late recurrences are more likely to be caused by strains different from the original strain causing CDI and can occur >4 weeks after treatment completion [3] .
We also found that the percentage of same-strain recurrences was similar for early recurrences within 14 days (87%) and for later recurrences from days 15-30 (77%), reflecting perhaps the overall high frequency of same-strain recurrences. However, it was of interest that as early as days 5-9 after successful treatment (Figure 1 ), there were recurrences of CDI caused by new strains, suggesting that exogenous reinfection may occur at any time after successful treatment of CDI. Although a change of infecting strain indicates that a new exogenous infection has occurred, it is also possible that some recurrences caused by the same strain may not be relapses but could be reinfections. Patients often remain in the same contaminated environment, and recurrences with the same strain (either relapse or reinfection) may occur ≥4 weeks after successful treatment. However, because the strains are identical, they are, by default, called a relapse when they may well be reinfections with the same strain (Figure 1 ).
There were no significant differences in the percentage of relapses or reinfections between patients treated with vancomycin and those treated with fidaxomicin. However, the overall rates of recurrence were significantly lower for fidaxomicin in the clinical trials [8, 9] . Recurrence rates for the epidemic BI group in the full clinical trial results were not statistically different for vancomycin and fidaxomicin and were significantly higher than for non-BI isolates [8, 15] .
There was no statistically significant difference in the frequency of same-strain recurrence in patients with a first episode CDI (81.2%), compared with patients with a first recurrence CDI (90.4%) ( Table 4) . Similar REA groups caused CDI in the first episode CDI and first recurrence CDI, with a trend toward more BI isolates in the first recurrence group. Somewhat paradoxically, the time to recurrence for relapses with the same strain was significantly shorter for patients with a first episode CDI than for patients with a first recurrence CDI (Table 5) . Intuitively, one might expect patients who had already had a CDI recurrence to potentially experience recurrence faster with a relapse; however, the opposite was found in these patients.
Despite the relatively large number of paired isolates typed, the study has limitations. Less than half of all patients with CDI recurrence had paired isolates available for typing (90 of 194; 46%). Furthermore, the patients from whom paired isolates were obtained were significantly younger than their counterparts from whom isolates were not obtained. In addition, the paired isolates were geographically disproportionately from Canadian sites, with both Europe and the United States underrepresented, compared with patients who did not provide isolates ( Table 6) . The degree to which the data from the isolates from the tested patients represent the entire group of patients with CDI recurrence in these clinical trials is not known.
In summary, our results show a higher than expected rate of recurrent CDI caused by the same isolate as the original episode, a finding that may be related to the relatively short observation period in this study and to the high frequency of isolation of epidemic strains, such as the BI and J groups, for which relapse rates may be higher than for other REA groups. These observations may not be generalizable because patients whose paired specimens were obtained in this study were significantly younger and significantly more likely to be from Canadian study sites, compared with the patients with CDI recurrence who did not provide paired specimens.
Notes

